Background: The literature suggests that certain clinical criteria to determine raised intra-
Introduction
When a patient presents to hospital with a suspected case of meningitis, the most important diagnostic tool is the lumbar puncture (LP). However, cerebral herniation is a potentially fatal complication if the patient has raised intracranial pressure (ICP) prior to the procedure. 1 For this reason, it is important to elicit any history or signs of raised ICP and request a computed tomography (CT) head scan if necessary to look for the cause. 1 This has led to CT head scanning prior to performing a LP becoming routine practice in many emergency departments (ED) even if the patient does not show any signs of raised ICP. 1 If the patient has bacterial meningitis, this may delay a LP or lead to inappropriate treatment if the LP is carried out after antibiotics have been given. 2 In one retrospective study of 119 patients, a delay to the first dose of antibiotic of greater than 6 h was strongly associated with CT scan prior to LP. 2 In another study of 92 patients, 67% of the patients had a delay in treatment due to undergoing a CT scan with only one-third having a contraindication to LP. 3 Moreover, CT head scans may not be able to exclude raised ICP in all patients and contraindication to a LP is better determined by clinical signs of impending herniation. 4 A few studies have attempted to characterise findings on history and physical examination that are indicative of raised ICP and could be used to decide whether a patient should undergo a CT head prior to LP. 1 A study from 1969 looked at clinical features, which suggested raised ICP in a group of 30 patients who deteriorated following LP because of raised ICP. 1 Focal neurology was found in 73% of these patients, including dysphagia and cranial nerve palsies, while 30% had documented papilloedema. 1 A prospective study, which included 301 patients with suspected meningitis, found that in 78% of patients who had a CT scan prior to LP, 24% had an abnormal finding with only 5% having a mass effect. 5 The following clinical features were associated with having a risk of an abnormal CT scan:
• immunosuppression • history of previous central nervous system disease • seizure within the previous week • reduced level of consciousness • focal motor or cranial abnormalities.
Only three patients out of 96 who did not have any of the above abnormalities had an abnormal CT scan and all three had a LP without herniation. 5 On average, diagnosis was delayed by 2 h and treatment by 1 h in patients who had CT scans prior to LP. 5 Based on the available literature, UpToDate recommends that CT head scans are not performed prior to LP unless the patient has any of the following: 1 • altered mentation • focal neurological signs • papilloedema • seizure within the previous week • impaired cellular immunity.
The American College of Emergency Physician guidelines recommend that patients with headache and signs of raised ICP, such as papilloedema, altered mental status, meningeal irritation and focal neurological deficits, should undergo neuroimaging prior to a LP. 6 In the absence of clinical findings indicative of raised ICP, they recommend that a LP can be performed without neuroimaging. 6 The National Institute for Health and Care Excellence guidelines on the diagnosis of bacterial meningitis and management of meningococcal septicaemia in secondary care for patients under the age of 16 state that clinical assessment, rather than a CT head scan, should be used to evaluate the safety of performing a LP as CT scans can be unreliable in identifying raised ICP. 7 There are no specific guidelines related to this from the Royal Australasian College of Physicians, the Australian College of Emergency Physicians or the American College of Physicians.
Currently, there are no guidelines in Auckland City Hospital to guide decision-making on when to perform CT head scans for patients with suspected meningitis prior to their LP. It varies based on the clinician treating the patient. Starship Hospital guidelines recommend CT head scans if there are any focal neurological signs but also state that herniation can occur in the presence of a normal scan. 8 They also advise that a normal CT head scan should not influence the decision to perform a LP, rather this should be based on clinical evidence of raised ICP. 8 They recommend starting antibiotics prior to LP and neuroimaging. 8 Other factors such as the cost of CT head scans and exposure to radiation need to be considered. According to radiology groups recommended by Pharmac for pricing, the average cost of a CT head is $600-750. 9 The typical effective dose of radiation from a CT head scan is 2 millisieverts (mSv), which is the equivalent of about 8 months background radiation. 10 According to a review of CT scans as an increasing source of radiation exposure published in the New England Journal of Medicine, a single CT head scan increases lifetime risk of developing cancer by 0.01% if the scan is between the ages of 20-40 years of age and higher for those under 20 years. 11 The aim of this study was to determine the number of patients with suspected meningitis in Auckland City Hospital under general medicine between 1 January and 31 July 2016 who underwent a CT head scan prior to having a LP where they did not have clinical evidence of raised ICP.
Methods
This was a retrospective audit of all patients admitted with suspected meningitis under general medicine between 1 January and 31 July 2016 at Auckland City Hospital. A search of all patients who had the words 'lumbar puncture' in their discharge summary was performed with a total of 47 patients identified. From this pool, the patients who had suspected meningitis were determined by reviewing the 3 M notes of each patient using the Concerto application. This narrowed the total to 29, and their notes were reviewed to identify those who had CT head scans. The recommendation from UpToDate regarding the parameters as specified above was used to determine whether the CT head scans were requested based on clinical evidence of raised ICP.
In addition, a search of all patients who underwent a CT head scan while under general medicine in the specified time period was performed and of those, the patients who had 'meningi' in the CT head request or report were identified. This identified a further 15 patients which was then reduced to a total of eight when excluding those who did not have suspected meningitis. The notes of these patients were also reviewed using the parameters mentioned previously to ascertain whether the CT head scans requested were based on clinical evidence for raised ICP.
The total number of patients included in the audit was 37.
Results
Of the 37 patients included in the audit, 24 underwent a CT head scan prior to LP with only seven meeting clinical criteria for a CT as seen in Figure 1 .
Thirteen patients did not undergo a CT scan as the decision was made clinically that they did not demonstrate any evidence of raised ICP (Table 1) .
Of the patients who underwent a CT scan, none had abnormal findings (Table 1) . Of the 24 patients who had CT scans, 21 went on to have a LP, as seen in Figure 2 , with the remaining three patients declining to have a LP or it not being clinically indicated. None of the 34 patients who underwent a LP had any serious complications following the procedure.
Looking at the proportion of patients who underwent CT scans without clinical evidence of raised ICP, 11 of the 24 patients had a final diagnosis of viral illness or headache, as seen in Figure 3 . Only three of these patients had a diagnosis of meningitis, while the remaining three had diagnoses of urosepsis, pneumococcal sepsis and drug reaction.
Discussion
The goal of every clinician is to provide the best possible care for the patient in front of them. Our findings indicate that this goal and the uncertainty around the presence of raised ICP has led to a majority of patients with suspected meningitis in Auckland Hospital undergoing a CT head scan prior to LP. Signs of raised ICP can be subtle, and a normal CT scan does provide some reassurance; however, it does not rule out raised ICP. The possibility of intracranial pathology other than simple meningitis is based on a case-by-case basis. The main implication of performing a CT scan prior to a LP is the subsequent delay in diagnosis and institution of antibiotic therapy in those with bacterial meningitis. In serious cases, this time could represent the difference between life and death.
Other considerations include the allocation of resources in an increasingly resource-limited environment and unnecessary radiation exposure. Almost two-thirds of patients who underwent a CT head scan without clinical evidence for raised ICP had a final diagnosis of viral illness or headache. Although there is always an element of diagnostic uncertainty, this implies there is potential to save human as well as material resources with a more focused, systematic approach to diagnosing a patient with meningitis.
This audit points to a need for clinical guidelines to provide the reassurance that 'best practice' does not require CT scanning in patients without specific indications if the suspected diagnosis is meningitis. However, this does not imply that a clinician should sacrifice their own clinical judgement to adhere to such a guideline. Rather, a guideline is an evolving document based on continuous reflection and evidence gathered in the field where learning is the mode of operation. Figure 1 The number of patients who had a computed tomography head scan based on clinical evidence for raised intracranial pressure compared to those without clinical evidence. 
Limitations
The main limitation is the small sample size of 37 patients. This could be because the audit was only of patients presenting to general medicine and did not include patients seen in the ED. The next is that this was performed in one centre and, therefore, the results may not be generalisable to other centres where there could be differences in staffing, resources or guidelines that could affect the decisions made.
This audit may have missed CT head scan requests or reports that did not mention 'meningi' but were performed for the purpose of ruling out a cause for raised ICP prior to LP. By then searching for patients who had 'lumbar puncture' mentioned in their discharge summary and then identifying those who had CT head scans, it was hoped that no relevant scans would be missed. The audit is also potentially limited by the first search if relevant patients did not have 'lumbar puncture' mentioned in their discharge summary as they would have been missed.
Finally, the retrospective nature of this audit and its reliance on documentation do not take into account the cases where clinicians may have had reason to be concerned about raised ICP but not document it.
Conclusion
Overall, this audit has shown that a large number of patients presenting with suspected meningitis under general medicine at Auckland City Hospital are undergoing CT head scans prior to a LP without clinical evidence of raised ICP despite evidence in the literature to suggest that raised ICP should be determined clinically.
A re-audit with the additional considerations taken into account as mentioned earlier would be recommended to ensure that no relevant patients are missed and patients presenting to ED could also be included. This would additionally increase sample size and advance development towards a clinical guideline. One further recommendation would be to evaluate the delay in antibiotic administration as a result of patients undergoing CT scans prior to having a LP.
